Background: Leptomeningeal metastasis (LM) is an uncommon complication in patients with solid tumors, associated with poor survival. However, LM appears to be more frequent in lung cancer patients with EGFR mutations, posing a unique clinical challenge to treating physicians. Case Presentation: We report the case of a 68-year-old Asian man with metastatic lung adenocarcinoma harboring an EGFR L858R mutation, which was initially treated with gefitinib. He developed disease progression 1 year later. Re-biopsy of the right lower lobe primary lesion revealed only an EGFR L858R mutation in the absence of a T790M mutation. The patient also experienced persistent confusion and generalized fatigue, and magnetic resonance imaging (MRI) of the brain demonstrated extensive LM. At this time, a liquid biopsy revealed an EGFR T790M mutation. Following initiation of treatment with osimertinib, the patient exhibited a rapid response with MRI of the brain showing substantial improvement of the LM after 6 months. Unfortunately, the LM recurred after 1 year at which time the patient declined further systemic chemotherapy. Conclusion: To our knowledge, this is the second
Introduction
Metastatic non-small cell lung cancer (NSCLC) harboring epidermal growth factor receptor (EGFR) is often sensitive to treatment with EGFR tyrosine kinase inhibitors (TKIs). However, acquired resistance to TKIs is a prevalent clinical problem which typically occurs after a median of 10-12 months. It is most commonly mediated by T790M mutation. Recently, third-generation TKI osimertinib has been approved for the treatment of metastatic NSCLC with acquired T790M mutation.
Leptomeningeal metastasis (LM) is an uncommon complication of NSCLC with a dismal diagnosis. The role of TKIs in this setting is currently under clinical investigation. We report the case of a 68-year-old man with metastatic lung adenocarcinoma harboring EGFR mutation who presented with LM 1 year after initial response to gefitinib. Osimertinib was administered after T790M mutation was identified via liquid biopsy and the patient achieved a clinically meaningful response lasting approximately 1 year.
Case Report
A 68-year-old Asian man with no smoking history was diagnosed with right lower lobe lung adenocarcinoma with multiple osseous metastases but without brain metastasis in October 2014 when he presented with severe back pain. Molecular study of a tissue biopsy revealed EGFR mutation L858R, sensitive to EGFR TKIs. Treatment with gefitinib, a firstgeneration TKI, was initiated in November 2014. The patient tolerated therapy well and exhibited an excellent clinical response until November 2015 when he started to experience progressive worsening of lower back pain and bilateral lower extremity weakness. Imaging studies demonstrated disease progression, and thus re-biopsy of the right lower lobe lesion was performed to search for a T790M mutation, the most common molecular abnormality responsible for resistance to targeted therapy. Somewhat surprisingly, biopsy sample mutation studies again demonstrated EGFR L858R but without a T790M mutation. The patient declined systemic cytotoxic chemotherapy and palliative radiation to the lumbar spine metastasis, but continued with gefitinib.
The patient transferred his care to our center at the end of January 2016. Unfortunately, he continued to deteriorate clinically and developed intractable lower back pain and bilateral lower extremity weakness, but no incontinence. Repeat magnetic resonance imaging (MRI) of the spine showed metastases at multiple levels involving the thoracic, lumbar, and sacral spines without compromise of the central canal or compression of the spinal nerve roots. The patient received urgent palliative radiation of 35 Gy in 14 fractions from T7-S2 spine, demonstrating a favorable symptomatic response. The patient was subsequently hospitalized for persistent confusion, generalized fatigue, anorexia, and failure to thrive. Neurological examination revealed mental status changes, but no focal neurological deficits. MRI of the brain demonstrated extensive leptomeningeal carcinomatosis (Fig. 1a) , which was believed to be the cause of his symptomatology. In view of the previous failed attempt to identify a T790M mutation via tissue biopsy, a liquid biopsy was undertaken which revealed an EGFR T790M mutation. Osimertinib 80 mg p.o. daily was initiated despite lack of solid clinical evidence for the utility of this agent in LM.
The patient responded rapidly, displayed substantial clinical improvement within 2 weeks of starting therapy, and became symptom-free after 3 months of treatment. Six months after initiation of osimertinib, repeat MRI of the brain revealed marked reduction of LM (Fig. 1b) . Unfortunately, the patient developed hearing loss, confusion, and short-term memory loss approximately 1 year later in February 2017. Computerized tomography of the abdomen showed a few enlarged retroperitoneal lymph nodes, consistent with metastasis. MRI of the brain demonstrated progression of LM involving the cerebellar vermis, right occipital lobe as well as bilateral temporal and parietal lobes. The patient declined further systemic chemotherapy and expired after a short time interval.
Discussion
LM has been reported to develop in approximately 1-5% of patients with metastatic solid tumors [1, 2] . Breast cancer, lung cancer, and melanoma are the 3 cancer types where LM is most commonly observed [1] . Unlike small cell lung cancer, the incidence of LM is approximately 1% for NSCLC with a dismal median survival of only 3 months after the diagnosis [2] [3] [4] .
Interestingly, the incidence of LM has been reported to be higher (9.4%) in NSCLC with EGFR mutation as compared with EGFR wild-type (1.7%) in the largest reported series of over 5,000 patients [5] . The exact mechanism underlying this clinical phenomenon is unclear but it has been attributed to longer survival and poor penetration of the blood-brain barrier (BBB) by early-generation TKIs [5] . With wide application of TKIs, the overall survival in metastatic NSCLC patients with EGFR mutations has been prolonged significantly to up to 3 years, whereas the overall survival for lung adenocarcinoma was approximately 18 months before the introduction of immunotherapy [6, 7] . The improved survival might allow lung cancer cells to cross the BBB via constant seeding and metastasize to the central nervous system (CNS).
Although initial gefitinib or erlotinib treatment was associated with a lower cumulative risk of CNS progression (6%) compared with chemotherapy (19%) at 12 months, it is also known that early TKIs have poor capability to penetrate the BBB [8] . In preclinical studies, the ratio of cerebral spinal fluid to plasma concentration for the first-generation (gefitinib, erlotinib) and second-generation (afatinib) EGFR inhibitors was approximately 1% [9] [10] [11] . Thus, the brain may become a sanctuary site where the BBB may offer protection from early TKIs, resulting in increased CNS metastasis including LM over time.
In the AURA study, osimertinib exhibited a better response rate (61 vs. 21%) and median progression-free survival (9.6 vs. 2.8 months) in patients with T790M-positive versus T790M-negative tumor upon progression on previous TKI therapy [12] . Therefore, the very first clinical question to answer in this case was whether this patient had acquired a T790M mutation. The attempt with tissue biopsy outside our facility failed to reveal this mutation. Liquid biopsy on cell-free circulating tumor DNA has recently been under intense clinical studies. In the AURA study, of 58 patients with T790M-negative tumors, T790M was detected in plasma of 18 (31%). More importantly, objective response rate and median progression-free survival were similar in patients with T790M-positive tumor results, indicating the complementary role of plasma testing to tissue testing in an EGFR TKI-resistant setting [13] . Taking advantage of plasma-based liquid biopsy, we were able to successfully identify a T790M mutation without requiring further biopsy.
It is challenging to treat patients with NSCLC who have developed LM. There are no prospective studies or official guidelines in regard to how to manage LM. Traditionally, wholebrain radiation therapy has been regarded as the cornerstone of treatment. Its clinical benefits, however, have been called into question by a large phase III trial (QUARTZ study) and in particular in patients with a poor performance status such as our case.
Previously, gefitinib was shown to benefit EGFR-mutant NSCLC patients with a poor performance status [14] . In contrast to the early TKIs, the third-generation TKI osimertinib, recently approved to treat lung cancer harboring a T790M mutation after progression on another EGFR inhibitor, exhibited impressive CNS penetration. The concentration in the brain was 5-to-25-fold higher than plasma in a mouse model [15] . Moreover, treatment with osimertinib led to regression of LM refractory to the early TKIs in a LM mouse model [16] .
At the time of initiation of treatment in the patient presented here, there were no reported cases available to address this challenging scenario. Given the patient's poor performance status (ECOG 4) and preclinical activity of osimertinib for LM, it was felt to be reasonable to attempt osimertinib at that time. The patient achieved a rapid and durable response for 1 year before he developed progression of LM. Repeat liquid biopsy revealed no T790M mutation, but only a neurofibromin (NF1) W267R mutation. The functional consequences of this mutation were unknown at this point, but conceivably involved in the resistance to osimertinib therapy.
While the patient was receiving therapy, the promising results of an early phase I study were presented using osimertinib to treat LM in patients with an EGFR mutation without previous TKI therapy [17] . Another case reported was also recently published with a very similar result to the present case. Taken together, it appears that osimertinib can be used in the frontline or second-line setting in LM [18] .
Conclusion
In summary, to the best of our knowledge, this is the second reported case of LM in a patient with lung cancer harboring an EGFR T790M mutation that was successfully treated with osimertinib. Further prospective studies are needed in this challenging clinical setting.
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